We discuss two aspects of multipion production in nuclear collisions: (1) the negative pion multiplicity distribution, and (2) the 7T -ir~ correlation function. The emphasis is on how these observables could be used to search for signals of collective phenomena in nuclear collisions.
INTRODUCTION
One of the prominent features of relativistic (E^a^ ~ 1 GeV/ nucleon) nuclear collisions is multipion production. In a typical reaction such as Ar + PbjO,, at 1.8 GeV/nucleon, up to 14 negative pions (TT -) alone are observed in certain events. The topic of my talk is what such multipion final states can teach us about the dynamics in nuclear collisions. Some aspects of what single pion inclusive cross sections can teach us are discussed elsewhere in these proceedings by R. Landau.^
The primary motivation for colliding relativistic nuclei has been the expectation that through such collisions the properties of dense, highly excited nuclear systems can be studied. Of special interest has been the search for collective phenomena. Several theoretical studies-* have suggested in particular that pionic instabilities could possibly occur when nuclear matter is compressed to p~(2-4)Pp, p 0 = 0.17 fm" 3 , at temperatures T ~ 50 MeV. The elusive problem, however, has been to identify specific experimental signatures of such novel phenomena.
One natural direction to search for evidence of collective phenomena has been multi-pion production. In this talk, I will review our work on two aspects of multipion production. The first is the nature of the 7T~ multiplicity distribution, P(n ), and the second is the dynamical and geometrical information contained in the 7T -TT -correlation function5>6 R(k k 2 ). For a more complete review of other aspects of relativistic nuclear collisions see, e.g., Ref.7. Multiplicity Distribution (with S. K. Kauffmann) Our first expectation is that the nuclear dynamics in this energy range is governed simply by intranuclear cascading,^ i.e., multiple nucleon-nucleon collisions. In that case pions are produced mostly one at a time [via A3j(1232) decay] in separate inelastic nucleon-nucleon collisions. To compute the multiplicity distribution in such a cascade picture, let y ± (t) denote the timedependent ir~ production and absorbtion rates during the nuclear collision. Then the pion multiplicity distribution P(n,t) can be shown* to be a Poisson, ,-; -M--<%<*» <n_(t)> n P(n,t) = e -\j
with a time-dependent mean satisfying
If the interaction time were long enough for the nuclear system to come to chemical and thermal equilibrium with the pions, then <n 7r (t)> would approach an equilibrium" value < n^ > e " which is indepen dent of the detailed pion production and absorbtion history, Y+(t) , and given by* ;
Y»("). In summary, existing multiplicity distribution data can be well accounted for by simple multiple collision or thermal models. Thus far, no evidence for unusual pion dynamics is; suggested by these data. However, whether the form of the high n". tail is Poisson or not still needs future experimental study.
Pion Interferometry ' (with S. K. Kauffmann and Lance W. Wilson)
While the multiplicity distribution P(n) offers some insight into the dynamics of multipion production, it is clear that more detailed information is contained in multipion correlation data. We consider here specifically the TTV~ correlation function defined as <u > 
To solve Eq. (7), the pion source current operator, J(x), was first approximated by its expectation value, thereby decoupling the pion and nuclear field equations. The physical motivation for this approximation is again the expectation that the nuclear dynamics is dominated by multiple nucleon-nuclebn interactions. In effect we assume that the number of produced pions is small enough that pionnucleon rescattering would not significantly affect the source current J(x). This physical picture of pion production is thus equivalent to that of bremsstrahlung radiation. This limit is satisfied in all but the most peripheral nuclear collisions.
If the average number of inelastic collisions is large, then Eq. (14) reduces to the well known form of the correlation function in Ref. 12 . Furthermore, we have also shown-* that in the^limit <N> -»•<», the multiplicity distribution for a given mode k becomes a Bose-Einsteih distribution with a mean <n 1] .(k) > -I"l(k) ( (2TT) 3 /V). Therefore, we are justified in calling the < N > •*• °° limit as the chaotic field limit.
For chaotic pion fields, Eq. (14) shows then that R-l measures the space-time Fourier transform of the pion source region, p(x,t). Therefore, R(kj,k 2 ) provides geometrical information about nuclear collisions.
Next we consider the question of partially coherent fields. We suppose that in addition to pion production from separate inelastic nucleon-nucleon collisions, pions can also be produced coherently as a result of the collective action of some group of nucleons. Let J 0 (x) denote that coherent source current. The total pion source current is then " /A, i((
• (15 > Observe that the chaotic component involves random phases distributed according to p(xj,t^).
Evaluating the ensemble average, the single pion inclusive distribution is now found to be a sum of a coherent and chaotic part, D(k,) (l-D(k 1 »D(k 2 )(l-I>(k 2 )) 
Therefore, pion interferometry (the analysis of R(k 1 ,k 2 )) provides both geometrical and dynamical information about the pion source in nuclear collisions.
The first data on pion interferometry in nuclear collisions are now available and are shown in Fig. 2 . At the present, only impect parameter-averaged and momentum-averaged correlation data are available. Therefore, i; detailed study of D(k) is not yet possible. Nevertheless, these'data seem to indicate that at least the average (over kj+k 2 and b) degree of coherence is small. Planned correla tion experiments at the Bevalac with much higher statistics will be able to determine whether there is coherence in at least soae modes for central collisions.
While ths ideal form of the -~ir~ correlation function in Eq. (18) demonstrates .iow both dynamical and geometrical information can be extracted from R(kj,k 2 ), it is important to recognize that effects. of final state interactions must also be taken into account. Here we only emphasize that R(k,k) t 2 could in principal arise from relative ir"V interactions. We note that for chaotic fields R(k,k) * 2 if U-0, regardless of the form of V.
In summary, two-pion correlation data can provide both geometrical and dynamical information that can be used in the search for collective phenomena in nuclear collisions. However, final state interactions must be first unfolded from the raw data. In the case of chaotic fields (D(k) HO) this unfolding will be much easier than if partially coherent fields are produced. Nevertheless, we are still excited to have found at least one observable, R(k x ,E 2 ), that is sensitive to possible pion field coherence. 
